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This paper describes the investigation of a number of 
possible semiconductor devices which can be used for the 
detection of radioactive particles. The sensitivities of two 
types of transistor (a p-n-p alloy junction and an n-p-n 
grown junction) and a p-n alloy junction diode operated up 
to its "avalanche" condition were determined. The possible 
uses of such detectors are discussed and they arc shown to be • 
particularly suitable where high rates of counting, with 
1. Introduction 
Crystal particle counters have been described 
in great profusion in the literaturel"). Early 
attempts at detecting particles by means of a 
crystal detector utilised the effect of electron-
hole pair production within a crystal lattice, 
(often a diamond), by subjecting the crystal to 
bombardment from some radioactive source. 
The quantum yield of electron hole pairs is low 
and a large electric field is required to obtain a 
sharp current pulse from the system. The same 
order of field can be produced across a p-n 
junction and thus a p-n junction can be used as 
a radioactive particle detector4' 6). 
2. The Types of Detector 
By using a transistor in the grounded emitter 
configuration as the detector (in the same 
fashion as a phototransistor6)) the current gain 
can be utilised to give a greatly increased signal. 
Current multiplication can also be obtained in 
the case of a simple p-n junction by using a 
controlled avalanche effect. 
The specific ionisation of the incident radia-
tion determines the magnitude of the current 
pulse resulting from the arrival of one particle in 
the sensitive region of the detector. Thus a large 
t This is part of the work submitted by B. P. Faraday 
for the Diploma of the College of Aeronautics in the Depart-
ment of Aircraft Electrical Engineering.  
good efficiency and small detecting area (or low geometry) 
are required. 
A completely transistorized radiation monitor has been 
developed using a p-n-p transistor as the detector head. 
This is specifically designed for a-particle detection but the 
detector head with slight modification should be suitable 
for proton or neutron detection. 
signal should result from a-particles, smaller 
ones from neutrons and protons and very small 
ones from # and y-rays. The detectors are all 
light sensitive but if the light falling on them is 
steady, such as diffuse daylight, this merely 
results in the d.c. operating point of the detec-
tors changing and a slight increase in the noise 
level. Fig. 1 shows the arrangement for ob-
taining a signal from an n-p-n transistor, a 
p-n-p transistor and a p-n junction diode which 
exhibited a controlled avalanche effect. In each 
case the region within a diffusion length of the 
p-n barrier is sensitive and for the p-n-p alloy 
junction transistor either the collector or the 
emitter side can be bombarded. In the case of 
the junction diode it is obviously better to 
bombard from the side opposite to the indium 
dot as a much greater sensitive area is exposed. 
Fig. 2 shows a photograph taken of the pulses 
produced by bombarding an n-p-n grown 
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